Abstract: High Peak to Average Power Ratio (PAPR) is still a most important challenge in
I. INTRODUCTION
Orthogonal Frequency Division Multiplexing (OFDM) has been proposed for high data rate in various Wireless Communication standards such as IEEE 802.11, 802.16 and 802.15.3a. The benefits that OFDM brings to wireless communication systems include high bandwidth efficiency, resistance to RF interference, and robustness to multipath fading. However, OFDM signals can exhibit a high peak-to-average power ratio (PAPR), necessitating a power amplifier with a large linear range.
In order to reduce the PAPR of an OFDM signal, many techniques are proposed in the literature: clipping and filtering [1] , selected mapping [2] , partial transmit sequences [3] . Tone reservation [4] , tone injection [4] and Reed-Muller codes [5] . These techniques can be organized into three classes: signal distortion, block coding and signal scrambling.
In this paper, we investigate the pertinent properties of PTS-OFDM with a modification in the traditional technique by selecting the viable phase factors from the Paley-I type Hadamard matrices. Because of the low complexity in implementation of the Hadamard transform matrices and its significance as being the common spreading codes used for MC-CDMA, we investigate the use of these new phase factors in PTS-OFDM system.
The PAPR performances of PTS-OFDM can be well improved with different phase rotation factors. However, the number of available phase rotation factors in PTS determines the size of side information, which causes data rate loss. So in a PTS OFDM system with limited size of side information, it is necessary to pick out the most efficient phase rotation factors to achieve the best PAPR performance. This unwanted data rate loss can be avoided by using the proposed phase sequences because these deterministic phase sequences need not be transmitted along with data and can be generated intact at receiver.
The paper is organized as follows: Section II introduces OFDM signal model by giving the problem statement for PAPR and follows a brief introduction to traditional PTS scheme. Section III provides the elementary idea of Paley-I type Hadamard matrices and generating phase weighting factors for the PTS-OFDM and advancing to the proposed modified PTS-OFDM technique. Section IV evaluates the performance of the proposed technique through simulations. Finally, the paper concludes in Section V by drawing some conclusions.
II. OFDM SYSTEM AND PAPR REDUCTION
A. OFDM SYSTEM Fig. 1 . Shows the block diagram of OFDM system. The base-band modulated symbols are first passed through serial to parallel converter, forming a complex vector of size N. j , f  is subcarrier spacing, and NT is OFDM symbol period.
B. PAPR-PROBLEM STATEMENT
PAPR is the ratio between the maximum power and the average power of the complex Passband signals [6] , that is,
Ex   The PAPR definition states that the instantaneous output of an OFDM system often has large fluctuations compared to traditional single-carrier systems. This requires that system devices, such as power amplifiers, A/D converters and D/A converters, must have large linear dynamic ranges. If this is not satisfied, the peak signal goes into the non-linear region of the device at the transmitter leading to high out of band radiation and intermodulation distortion.
In the literature, the complementary cumulative distribution function (CCDF) is used to evaluate the PAPR reduction performance. In the PTS approach, the receiver must have knowledge about the generation process of the transmitted OFDM signal. The phase factors must then be transmitted as side information resulting in some loss of efficiency. PTS was first described in [3] as a distortion less PAR method.
III. PROPOSED TECHNIQUE

A. PALEY-I TYPE HADAMARD MATRICES
A major family of Hadamard matrices is the so called Paley Type Hadamard matrices. These families of Hadamard matrices were found by Paley's direct construction using the quadratic residues (that is, the nonzero perfect squares) in a finite field,
 
GF q of odd order. In the field,
GF q half the nonzero elements are quadratic residues of squares and the other half are quadratic non-residues of non-squares.
In particular, +1 is a square and −1 is a non-square if and only if,
3(mod 4) q 
. The version of Paley's constructions given here, and a more accessible proof, may be found in [7] . 
IV. SIMULATION RESULTS
Extensive simulations in MATLAB® have been performed in order to evaluate the performance of the proposed system as compared with the regular OFDM system as well as those based on the proposed PTS-OFDM scheme. Simulation Parameters for all results are given as in Table I . Also the results of PAPR values for Primary OFDM and Proposed PTS-OFDM along with traditional PTS-OFDM, are also summed up in Table II . By observing the Table II , we can deduce that w.r.t. Primary OFDM, the proposed PTS-OFDM gives significant PAPR improvement (>3dB, for M=4, and more as M increases), and in comparison to the traditional PTS-OFDM, though the PAPR improvement is not much but it vastly reduces the computational overhead required in searching the phase weighting factors, and thus making it a better technique.
V. CONCLUSION
There are two important issues to be solved in the PTS: high computational complexity for searching the optimal phase factors and the overhead of the optimal phase factors as side information need to be transmitted to the receiver for the correct decoding of the transmitted bit sequence, which also incur the inevitable data rate loss. The Paley Type-I Hadamard matrices form one of three main known families of Hadamard matrices which may be constructed directly (at both ends of transmission) from square block designs and thus, they obviate the need for exhaustive search for the viable phase weighting factors in PTS-OFDM, thereby reducing the computational overhead and also avoids the unwanted data rate loss, as well as performs better than traditional PTS-OFDM model in PAPR reduction.
Due to the diversity of PAPR reduction techniques, the subject remains open for further research.
